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WHAT IS CLAIMED IS: 

1. An isolated, protein comprising ^ N-terminal amino acid and a C-terminal amino 
acid, wherein the protein is selected from the group consisting of: 

(a) a protein with an N-termmal cysteine that is appended with at least one 
hydrophobic moiety; /\ 

(b) a protein with an N-terminal amino acid that is not a cysteine appended with 
at least one hydrophobic moiety; and \ 

(c) a protein with at least one hydrophobic moiety substituted for the N- 
terminal amino acid. \ 

2. The protein of claim 1 , wherein the hydrophobic moiety is a peptide comprising at 
least one hydrophobic amino acid. 

3. The protein of claim 1, wherein the hydrophobic moiety is a lipid. 

4. The protein of claim 1 , wherein the protein further comprises a hydrophobic moiety 
substituted for, or appended to, the C-terminal amino acid. 



The protein of claim 1, wherein the protein is an extracellular signaling protein. 



6. 



The protein of claim 1, wherein the N-terminal amino acid is a functional derivative 



of a cysteine. 



\ 

7. The protein of claim 1, wherein the protein is modified at both the N-terminal 
amino acid and the C-terminal amino acid, 

8. The protein of claims 4 oV?, wherein the protein has a hydrophobic moiety 
substituted for, or appendecWI^ at least one amino acid intermediate to the N- 
terminal and C-terminal amino ackis. 

o 

9. The protein of claim 1, wherein the protein has a hydrophobic moiety substituted 
for, or appended to, at least one amino acid intermediate to the N-terminal and C- 
terminal amino acids. 

10. The protein of claim 3, wherein the lipid moiety is a fatty acid selected from 
saturated and unsaturated fatty acids having between 2 and 24 carbon atoms. 

1 1 . The protein of claim l\ wherein the protein is a hedgehog protein obtainable from 
a vertebrate source. \ 

12. The protein of claim 11, whWefn the hedgehog is obtainable from a human or rat. 

13. The protein of claim 11, wher^ the vertebrate hedgehog is selected from the 
group consisting of Sonic, Indian, and Desert hedgehog. 

^\ 

14. The protein of claim 1, further comprising a vesicle in contact with the 

V 

hydrophobic moiety. 




15. The protein of claim 14, whereVi the vesicle is selected from the group consisting of 
a cell membrane, a micelle, an*Vliposome. 
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16. The protein of claim 1 1 A wherein the hedghog protein has an amino acid sequence 
according to any one of S^O ID NOS: 1-4. 



10 



17. The protein of claim 13, vdfi^in the hedgehog protein is missing between 1 and 
about 10 amino acids from thVxiI-terminus thereof, when compared to a wild-type 
hedgehog protein. 



18. The protein of claim 16, wherein tfte protein has at least 60% amino acid identity to 
Sonic, Indian or Desert hedgehog. 



19. An isolated, proteinVof the form: A-Cys-[Sp]-B- [Sp]- X, wherein 
A is a hydrophobic moiety; 

Cys is a cysteine or functional equivalent thereof; 

[Sp] is an optional spacer peptide sequence; 

15 B is a protein comprising a plil^ality of amino acids and, optionally, another spacer 

peptide sequence; and 

X is optionally another hydrophobi\moiety linked to an amino acid of protein B, 



20. The isolated protein cflj^ttkim 19, wherein the isolated protein is a hedgehog 
20 protein. 



21. The isolated protein of cl^bi^O, wherein, if X is present, then it is cholesterol. 

22. The isolated protein of claim \ 9, wherein protein B is modified at at least one 
25 other amino acid with at least one h)(drophobic moiety. 

23. The isolated protein of claim 19, y^^^^^" ^he A-Cys linkage is via an amino 
group of cysteine. 
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ulaiV 19, 



24. The isolated protein of claim 19, further comprising a vesicle in contact 
therewith. \ 

25. The isolated protein of claite. 24 , wherein the vesicle in contact therewith is 
selected from the group consistingTof a cell membrane, micelle and liposome. 
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26. A vesicle to which is attached j^^lurality of molecules, at least two of the 
plurality having the form of claim IV. 

27. The vesicle of claim 26^ wherein the vesicle is selected from the group 
consisting of a cell membrane, Irtoosome and micelle. 




28. An isolated, protein having V C-terminal amino acid and an N-terminal 
thioproline group, said group formed reacting an aldehyde with an N-terminal 
cysteine of the protein. 



An isolated, protein having a C-terrmnal amino acid and an N-terminal amide 
group, said group formed by reacting \ fatty acid thioester with an N-terminal 
cysteine of the protein. 



30. An isolated, protein having a C-terminVl amino acid and an N-terminal 
maleimide group, said N-terminal maleWide group formed reacting a 
maleimide group with the N-terminal cysteineXof the protein. 



31. 



The isolated protein of claims 28, 29 or 30, wherein the C-terminal amino acid 
of the protein is modified with an hydrophobic m&iety. 



4 
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32. The isolated protein of clarni 3 1 , wherein the protein is a hedgehog protein. 



33. The isolated protein of claim J2, wherein the C-terminal hydrophobic moiety is 
cholesterol. 



34. A method of generating ^smultivalent protein complex comprising the step of 
linking, in the presence of a(^sicle, a hydrophobic moiety to an N-terminal 
cysteine of a protein, or a functioiml equivalent of the N-terminal cysteine. 

35. The method of claim 34, wh^in ttie step of linking comprises linking a lipid 
moiety which is selected from saturWn^hd unsaturated fatty acids having between 
2 and 24 carbon atoms. 



36. The method of claim y4, wherein the protein is a hedgehog protein. 



37. The method of claim 3ol wherein the hedgehog is selected from the group 
consisting of Sonic, Indian anci Desert hedgehog. 



38. The method of claim 36, wherein the hedghog has an amino acid sequence 
according to any one of SEQ ID l^OS: 1-4. 



39. The method of claim 34, wherein the step of linking comprises linking with a 
vesicle selected from the group coilfisting of a cell membrane, liposome and 
micelle. 



A method for modifying a physico-cqemical property of a protein, comprising 
introducing at least one hydrophobic moiety to an N-terminal cysteine of the protein 
or to a functional equivalent of the N-termir\aI cysteine. 
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4^. The method of claim 40, further comprising contacting the hydrophobic moiety 
with a vesicle. 

42. The method of claim 40, wherein the hydrophobic moiety is either a lipid 
moiety selected from saturated and an unsaturated fatty acids having between 2 and 
24 carbon atoms or is a hydrophobic protein. 



43. The method of claimMO, wherein the protein is a hedgehog protein. 

44. The method of claim 43V^hprein the hedgehog protein is selected from the 
group consisting of Sonic, Indian and Desert hedgehog. 



45. The method of claim 43, wherein the hedgehog has an amino acid sequence 
according to any one of SEQ ID NOS: 1-4. 



46. The method of claim \w , wherein the step of contacting comprises contacting 
with a vesicle selected frofflhhe group consisting of a cell membrane, liposome and 
micelle. \ 

47. A protein complex, produce^^^^e method of claim 34. 

48. A modified protein, produced by the method of claim 40. 



49, The complex of claim Vl7, wherein the protein is selected from the group 
consisting of gelsolin; an inter^ron, an interleukin, tumor necrosis factor, monocyte 
colony stimulating factor, granulocyte colony stimulating factor, granulocyte 
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macrophage colony stimula&ig factor, erythropoietin, platelet derived growth 
factor, growth hormone and insMin. 

50. A method for modifying a proteib having a biological activity and containing an 
N-terminal cysteine, comprising reacting the N-terminal cysteine with a fatty acid 
thioester to form an amide, wherein^ such modification enhances the protein's 
biological activity. 



51. 



52. The method of claim wherein the hedgehog protein is selected from the 
group consisting of Soi^C" Indian, Desert hedgehog, and functional variants 
thereof. 



53. A method for modifying a V<5tein having a biological activity and containing 
an N-terminal cysteine, coi^^ising reacting the N-terminal cysteine with a 
maleimide group, wherein suchl modification enhances the protein's biological 
activity. \ 



20 54. The method of claim iiK^herein the protein is a hedgehog protein. 




25 



55. The method of clayk54, wherein the hedgehog protein is selected from the 
group consisting of 'g^ic, Indian, Desert hedgehog, and functional variants 
thereof 



56. A method for modifying a protein having a biological activity comprising 
nding an hydrophobic pJeatide to the protein. 




• 
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57. The method of claim Sfc, wherein the hydrophobic peptide is appended to an 
amino acid of the protein ^ected from the group consisting of the N-terminal 
amino acid, the C-terminal a™no acid, an amino acid intermediate between the N- 
terminal amino acid and the ^-terminal amino acid, and combinations of the 

5 foregoing. 

58. The method of claim wherein the protein is a hedgehog protein. 

59. The method of cl^m 71, wherein the hedgehog protein is selected from the 
10 group consisting of Soiro, Indian and Desert hedgehog. 

60. A therapeutic use of the Vrotein of any of claims 1 or 20, comprising 
administering the protein to a subj>^ct. 

15 61. A method of treating a neurdJogical disorder in a patient comprising 
administering to the patient a protein o^ny of claims 1 or 20. 

\ \b. 

62. The protein of claim 1\ wljefein the protein is an extracellular signaling protein. 

20 63. The method of claim 57, wherein the step of appending comprises replacing at 
least the N- terminal amino acid of the protein with at least one hydrophobic amino 
acid. 



64. The method of claim 63, wherein the at least one hydrophobic amino acid is a 
25 plurality of isoleucine residues. ^ 



65. The method of claim 63, further comprising chemically modifying at least one 
of the isoleucine residues. 
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66. An isolated, protein having a C-terminal amino acid and an N-terminal 
acetamide group, said grouiXformed by reacting a substituted acetamide with an N- 
terminal cysteine of the proteii^ 



67. An isolated, protein ha^ 
thiomorpholine group, said group fo 
terminal cysteine of the protein. 



a C-terminal amino acid and an N-terminal 
fied by reacting a haloketone group with an N- 



68. A method for modifying a protei^ having a biological activity and containing 
an N-terminal cysteine, comprisingXreacting the N-terminal cysteine with a 
substituted acetamide group, wherein such modification enhances the protein's 
biological activity. 
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The method of claim wherein the protein is a hedgehog protein. 



clW 69, 



70. The method of claffm 69, wherein the hedgehog protein is selected from the 
group consisting of ^onic, Indian, Desert hedgehog, and functional variants 
thereof \ 



71. A method for modifying a protein having a biological activity and containing 
an N-terminal cysteine,(jji^^ reacting the N-terminal cysteine with a 
haloketone group, wherein \uch modification enhances the protein's biological 
activity. 

72. The method of claim 71, wherein the protein is a hedgehog protein. 



73. The method of claim 72, wVierein the hedgehog protein is selected from the 
group consisting of Sonic, lndian,)pesert hedgehog, and functional variants thereof 
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A hedgehog polypeptide modified with one or more lipophilic moieties with the 
proviso that, imthe instance wherein the hedgehog polypeptide is the mature N- 
terminal proteolytic fragment of a hedgehog protein, the lipophilic moiety is other 
than a sterol at ink C-terminal residue. 

A hedgehog polypqotide modified with one or more lipophilic moieties at internal 
amino acid residuesX 

A hedgehog polypeptide modified with one or more lipophilic aromatic 
hydrocarbons. \ 

The hedgehog polypeptide of any of claims 74-76 which polypeptide is provided 
as a purified protein preparation. 

The hedgehog polypeptide of claims 74-76 which polypeptide is provided 

as a pharmaceutical preparatioSn. 

The hedgehog polypeptide of cmim 74 or 75, wherein the lipophilic moieties are 
selected firom the group consisting of fatty acids, lipids, esters, alcohols, cage 
structures, and aromatic hydrocarobns. 

The hedgehog polypeptide of claim a6 or 79, wherein the aromatic hydrocarbon is 
selected from the group consisting of benzene, perylene, phenanthrene, 
anthracene, naphthalene, pyrene, chrysJene, and naphthacene. 

The hedgehog polypeptide of claim SoXwherein the aromatic hydrocarbon is a 
pyrene. \ 

The hedgehog polypeptide of claim 74 or 76, wherein the lipophilic moieties are 
selected from the group consisting of isop^renoids, terpenes and polyalicyclic 
hydrocarbons. \ 

The hedgehog polypeptide of claim 82, whqrein the lipophilic moieties are 
selected from the group consisting of adaimntanes, buckminsterfuUerenes, 
vitamins, polyethylene glycol, oligoethylene glycol, (C 1 -C 1 8)-alky 1 phosphate 
diesters, -0-CH2-CH(0H)-0-(C 1 2-C 1 8)-alkyl. \ 

The hedgehog polypeptide of claim 83, whereinXthe lipophilic moieties are 
selected from the group consisting of 1- or 2-adamaiYtylacetyI, 3-methyladamant- 
1-ylacetyl, 3-methyl-3-bromo-l-adamantylacetyl, 1-deValinacetyl, camphoracetyl, 
camphaneacetyl, noradamantylacetyl, norbomaneaceVl, bicyclo[2,2.2.]-oct-5- 
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eneacetyl, l-methoxybifcyclo[2.2.2.]-oct-5-ene-2-carbonyl, cis-5-norbomene- 
endo-2,3-dicarbonyl, 5-natbomen-2-ylacetyl, (lR)-( - )-myrtentaneacetyl, 2- 
norbomaneacetyl, anti-3^oxo-tricyclo[2.2. 1 .0<2,6> ]-heptane-7-carbonyl, 
decanoyl, dodecanoyl, dodeconoyl, tetradecadienoyi, decynoyi and dodecynoyl. 



85. The hedgehog polypeptide of 
or moieties potentiate the biolc 
modified hedgehog polypeptide. 



claims 74-76, wherein the lipophilic moiety 
jical activity of the polypeptide relative to the 



10 86. A method for altering the grov^h slate of a cell responsive to hedgehog signaling, 
comprising contacting the cell witH^a lipophiUc-modified hedgehog polypeptide 
of any of claims 74-76, 






